Abstract. The present study aimed to investigate the effects of survivin, an apoptosis inhibitor protein, on the efficacy of the fludarabine, vincristine, epirubicin, dexamethasone and thalidomide (FVADT) chemotherapy regime for the treatment of refractory multiple myeloma (MM). A total of 82 patients with MM were selected from the Hematology Inpatient Department at The Second Affiliated Hospital of Zhengzhou University (Zhengzhou, China). The initial treatment group consisted of 40 patients with MM, who received the vincristine, epirubicin and dexamethasone (VAD) chemotherapy regime. The refractory group consisted of 42 patients with refractory MM, who received the FVADT chemotherapy regime. Bone marrow biopsies were collected via marrow aspirations, and the protein expression of survivin was analyzed by immunohistochemistry. In addition, the Kaplan-Meier method was used for survival analyses. Intergroup differences in the protein expression levels of survivin were compared, and the association between survivin expression and the short-and long-term effects of FVADT chemotherapy were analyzed. The positive expression rate of survivin was significantly higher in the refractory group, as compared with the initial treatment group (P<0.05). Furthermore, the complete remission rate and the effective rate were significantly lower in the survivin-positive group, as compared with the survivin-negative group (P<0.05). The overall survival, progression free survival and 1 and 3 year survival rates of the survivin-positive group were significantly higher, as compared with the survivin-negative group (P<0.05). The results of the present study suggested that the protein expression of survivin was upregulated in refractory MM tissues, which was indicative of a poor short-and long-term efficacy for FVADT chemotherapy.
Introduction
Multiple myeloma (MM), which is a malignant tumor of plasma cells undergoing clonal proliferation, accounts for 10% of hematological malignancies (1) . The incidence of MM is increasing yearly (2) . Chemotherapy is an important therapeutic option for MM (3) . The standard chemotherapy drugs are fludarabine, vincristine, epirubicin, dexamethasone and thalidomide (FVADT) (4) . Fludarabine, which is the cytotoxic analogue of deoxyadenosine phosphate (a metabolite in normal cells), can be used as an effective antitumor drug and has demonstrated significant clinical efficacy in the treatment of chronic lymphocytic leukemia (5) . Thalidomide can improve the growth and drug-resistance status of tumor cells by inhibiting the growth and adherence of myeloma cells or bone marrow stromal cells (6) . Early chemotherapy regimes had low complete remission (CR) rates and high recurrence rates; however, the effects of chemotherapy on MM have improved with the development of chemotherapy drugs and treatment technology (7) . Previous studies have demonstrated that 50-70% patients with MM are sensitive to chemotherapy drugs (7, 8) . However, following multiple chemotherapies, drug-resistance and refractory MM may develop (9) . Refractory MM is defined by the presence of MM following initial treatment and 2-3 courses (1 month/course) of vincristine, table adriamycin and dexamethasone (VAD) or melphalan and prednisone (MP) chemotherapy, with no observed effect or partial remissions associated with relapses following treatment and a remission time of <2 months (10) . The concentration change of clonal memory B lymphocytes in the MM cell cycle may influence the recurrence and risk of MM (11) . Therefore, the clearance of B lymphocytes may improve the chemotherapeutic efficacy and prognosis of MM.
Survivin is a member of the inhibitor of apoptosis protein family, and has been shown to specifically target caspase to inhibit apoptosis (12) . Therefore, survivin has functions in controlling cell differentiation and inhibiting apoptosis (13) . Previous studies have demonstrated that survivin is overexpressed in the majority of tumor cells and shows no expression in normal tissues (14, 15) . The alteration of survivin expression in malignant tissues and the clinical significance of survivin have attracted attention due to its anti-apoptosis effects and specific expression in tumor tissue (16) . Furthermore, previous studies have shown that survivin is closely associated with drug-resistance, chemotherapy efficacy and prognosis (17, 18) .
However, few previous studies have investigated the effects of survivin on the efficacy of FVADT chemotherapy for the treatment of refractory MM.
Subjects and methods

Subjects.
A total of 82 patients with MM who underwent FVADT chemotherapy at the The Second Affiliated Hospital of Zhengzhou University (Zhengzhou, China) were selected for inclusion in the present study between January 2010 and January 2011. All patients met the diagnostic criteria for MM (19) . Of the 82 cases, 40 were cases of newly diagnosed MM (initial treatment group) and 42 were cases of refractory MM (refractory group). The initial treatment group consisted of 24 males and 16 females, with an age range of 44-67 years and a mean age of 55.41±8.34 years. A total of 20 patients in the initial treatment group had an immunoglobulin (Ig)G (K/λ) tumor type, 12 had an IgA (K/λ) tumor type, and eight had a light chain (K/λ) tumor type (20) . In 18 cases, the Durie-Salmon (DS) stage was Ⅱ (A/B), whereas it was Ⅲ (A/B) for the remaining 22 cases (21) . Furthermore, the International Staging System (ISS) (22) Treatment. Patients in the refractory group were treated with FVADT chemotherapy between 2 and 6 times for 14-42 days. The dosage of fludarabine (Flu; Haizheng Pharmaceutical Co., Hangzhou, China) was 25 mg/m² from the first to the third day, vincristine (VCR; Wanle Pharmaceutical Co., Shenzen, China) was 0.5 mg/m² from the first to the fourth day, adriamycin (A; Antibiotics S.P.A., Milan, Italy) was 12 mg/m² from the first to the fourth day, dexamethasone (D; Furen Pharmaceutical Co., Zhengzhou, China) was 20 mg/m² from the first to the fourth day and thalidomide (T; Changzhou Pharmaceutical Co., Changzhou, China) was 20 mg/m² once every night. The conventional toxicity grading criteria of the US National Cancer Institute served as a reference for assessing the drug side-effects (24) . When adverse reactions were above grade III, the dosage was gradually tapered to 50-150 mg once every night. Drugs were withdrawn until disease progression occurred. Patients in the initial treatment group were treated with VAD chemotherapy. The dosage of VCR was 0.5 mg/m² from the first to the fourth day, A was 12 mg/m² from the first to the fourth day and D was 20 mg/m² from the first to the fourth day.
Immunohistochemistry. Bone marrow was collected for marrow biopsies. Streptavidin-peroxidase (SP), rabbit anti-human survivin monoclonal antibody and SP immunoassay kits (cat. no. 0007) were purchased from Fuzhou Maixin Biotechnology Company (Fuzhou, China) and used according to the manufacturer's protocols. Briefly, marrow biopsies were fixed in 40 g/l paraformaldehyde at room temperature for 30 min, incubated in 3% peroxide solution at room temperature for 10 min and mounted. Subsequently, the biopsies were incubated in goat serum (Sijiqing, Hangzhou, China) at 37˚C for 15 min, followed by incubation overnight at 4˚C with rabbit anti-human monoclonal survivin (1:200 dilution; cat. no. LC-C105516; LifeSpan Biosciences, Inc., Denver, CO, USA). Subsequently, marrow biopsies were incubated with biotin-conjugated goat anti-rabbit secondary antibody (1:200 dilution; cat. no. BA1003; Wuhan Boster Biological Technology, Ltd., Wuhan, China) at 37˚C for 10 min, and then incubated at 37˚C for 10 min with horseradish peroxidase-labeled streptavidin (1:500 dilution; cat. no. BA1081; Wuhan Boster Biological Technology, Ltd.). After washing with phosphate-buffered saline (PBS), 3,3'-diaminobenzidine was used as the chromogenic reagent. Finally, the biopsies were stained with hematoxylin and mounted with neutral gum. A control group was incubated with PBS instead of primary antibody. Survivin-positive and survivin-negative groups were identified by microscopy (AX80; Olympus Corporation, Tokyo, Japan).
Observation indexes. The color of the cytoplasm (pale yellow or brown) was noted following immunohistochemistry and 500 tumor cells per marrow biopsy were observed under a high power microscope (AX80; Olympus Corporation). A percentage of positive cells in the tumor cells of >10% was considered positive expression, whereas ≤10% positive cells was considered negative expression, according to a previous study (25) .
The short-term clinical efficacy, which was assessed using the European Cooperative Group for Bone Marrow Transplantation criteria (26) , was divided into CR, partial response (PR), stable disease (SD) and progressive disease (PD). The treatment efficiency was defined as follows: Treatment efficiency =CR + PR.
The long-term clinical efficacy was assessed over a 4-year period by integrated follow-up procedures, including telephone communication and outpatient and home visits. The time at which the patient succumbed to the disease was considered as the end of follow-up. Survival analysis included overall survival (OS; the period from disease diagnosis to the time at which the patient succumbed to the disease) and progression-free survival (PFS; the period from the initial treatment to disease progression or the time at which the patient succumbed to the disease).
Statistical analysis. Data were analyzed using SPSS 18.0 software (SPSS, Inc, Chicago, IL, USA). Measurement data were analyzed using Student's t-test and are expressed as the mean ± standard deviation. Count data were analyzed by the χ 2 test. Survival analyses were performed using the Kaplan-Meier test. P<0.05 was considered to indicate a statistically significant result.
Results
Comparison of survivin-positive expression rates. As shown in Table I and Fig. 1 , compared with the initial treatment group, the survivin-positive expression rate was significantly higher in the refractory group, and the survivin-negative expression rate was significantly lower in the refractory group (P<0.05). Furthermore, the survivin-negative expression rate was significantly lower in the refractory group, as compared with the initial treatment group (P<0.05). Table II , the CR rate and treatment efficacy were significantly lower in the survivin-positive sub-group, as compared with the survivin-negative sub-group, irrespective of the stage of cancer and chemotherapy used (P<0.05). Similarly, for the refractory group only, the CR rate and treatment efficacy were significantly lower in the survivin-positive sub-group, as compared with the survivin-negative sub-group (P<0.05; Table III) . Table IV , the OS and PFS of the survivin-positive sub-group were significantly higher, as compared with the survivin-negative sub-group (P<0.05), irrespective of the stage of MM and chemotherapy regime administered. In addition, for the refractory group only, the OS and PFS were significantly higher for the survivin-positive sub-group, as compared with the survivin-negative sub-group (P<0.05; Table V) . A Kaplan-Meier survival analysis of the refractory MM patients treated with FVADT chemotherapy indicated that the 1 and 3-year survival rates of the survivin-positive group were significantly higher, as compared with the survivin-negative group (P<0.05; Fig. 2) .
Association between survivin expression and the short-term efficacy of chemotherapy. As shown in
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Discussion
At present, diagnosis and treatment strategies for MM have achieved satisfactory efficacy (27) . Although autologous hematopoietic stem cell transplantation has significantly improved the treatment of MM, it can only be applied to patients with MM <65-years-of-age who are able to tolerate surgery (28) . Therefore, the majority of patients with MM require an effective chemotherapy regimen. Flu, which specifically targets lymphocytes, can prevent the growth of a tumor by inhibiting KM3 cell proliferation in patients with MM and by regulating cell autocrine interleukin signaling (29) . In addition, Flu has been shown to improve the prognosis of patients with refractory MM (30) . T is used as an angiogenesis inhibitor by prohibiting the mechanisms of cell growth and reproduction in myeloma cells (31) . In addition, T has been shown to reduce the epidermal growth factor level in, limit the blood supply to and inhibit the cell proliferation of MM, as well as directly inhibiting the growth and reproduction of MM and stromal cells (6) . Furthermore, T has been shown to promote apoptosis by regulating the expression of cell surface adhesion molecules and altering the biological activity of MM by affecting the secretion of cytokines from MM and stromal cells (32) . In addition, T has a regulatory role on T lymphocytes (11) . FVADT chemotherapy, which combines the effects of Flu and T, has been shown to enhance the inhibition of MM cells (33) . However, few previous studies have investigated the effects of biological markers on the efficacy of FVADT chemotherapy for the treatment of patients with refractory MM. Survivin is an important member of the inhibitor of apoptosis protein family that is located on human chromosome 17, region q25 (12) . The survivin gene, which is 14.7 kb in length, encodes an 142 amino acid cytoplasmic protein that has a molecular weight of 16.5 kD. Survivin has been shown to inhibit cell apoptosis, alter cell proliferation and regulate tumor angiogenesis (34, 35) . Survivin is highly expressed in tumor tissues and cells, whereas it is not usually expressed in mature undifferentiated tissues (36) . The effects of survivin on FVADT chemotherapy in patients with refractory MM requires further clinical discussion.
Survivin ----------------------------------------------
The present study demonstrated that the survivin-positive expression rate was significantly higher in the refractory group, as compared with the initial treatment group. Refractory MM refers to patients with MM that, following initial treatment and 2-3 courses of VAD or MP chemotherapy, show no signs of improvement or only partial remission (<2 months) that is susceptible to relapse. Patients with refractory MM are challenging to cure and have a poor prognosis (37) . Previous studies have demonstrated that survivin has an important role in anti-apoptosis signaling by inhibiting the activity of caspase-3 and caspase-7 (38, 39) . The apoptosis index of survivin-positive tumors is low and has been associated with a poor prognosis (40) . The above factors lead to a significant increase in survivin-positive expression in refractory MM tissues. In the present study, the CR and efficacy rates were significantly lower in the survivin-positive group, as compared with the survivin-negative group, whereas the OS, PFS and 1 and 3-year survival rates were significantly higher in the survivin-positive group, as compared with the survivin-negative group. These results suggested that survivin had a significant predictive value in the immediate and long-term efficacy of using FVADT chemotherapy for the treatment of patients with refractory MM, and that its positive expression may be considered an indicator for poor prognosis of MM chemotherapy. Oto et al (41) reported positive survivin expression for all acute myeloid leukemia (AML) lines in a comparative study of survivin expression in patients with AML and patients with AML who were initially treated. Another study reported positive survivin expression in 65% of initially treated AML tissues (42) . Survivin expression has been closely associated with white blood cell count and clinical classification (43) . In addition, the survival period of patients with positive survivin expression was significantly shorter, as compared with that of survivin-negative patients, and the former had earlier and higher recurrence rates and a poor prognosis (41) . Therefore, positive survivin expression may be a risk factor of poor prognosis in patients with AML. Furthermore, Tsubaki et al (44) demonstrated that survivin-positive patients had a shorter survival by evaluating the expression of survivin in diffuse large B-cell lymphoma and the prognosis. This suggested that A B positive survivin expression may be used as a poor prognostic marker for diffuse large B cell lymphoma. Survivin expression has also been closely associated with the prognosis of patients with blood malignancies, in which survivin-positive patients typically have a poor prognosis (45) . The present study demonstrated that survivin expression may also be used as a valuable indicator of immediate and long-term prognoses of patients with blood malignancies, such as MM. The positive expression of survivin in patients with refractory MM was high, and the immediate and long-term prognosis of survivin-positive patients was improved, as compared with survivin-negative patients.
In conclusion, the present study demonstrated that the positive protein expression rate of survivin was significantly increased in refractory MM tissues, and that this was indicative of a reduced short-and long-term curative efficacy of FVADT chemotherapy.
